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<J54) [Titl of the invention] 

Biodegradable composite fibers and nonwoven fabric 
using them 

(57) [Abstract] 

[Purpose] The preeent invention of fere biodegrad- 
able composite fibere end aonwoven fabric* which have 
good heat-resistance and do not give riee to concern 
about harm to the environment because when left in a 
natural environment they are gradually biodegraded and 
finally dieappear. 

[Constitution] Biodegradable composite fibere which 
are characterised in that they are conpoeite fibers of 
the parallel type or the sheath- core type made from (a) 
poly lactate and/or a thermoplastic resin of a melting 
point of al20*C in which polylactate is the major compo- 
nent, and (b) a thermoplastic resin which has a melting 
point of a90*C, the* malting point being *30*C lower than 
the said thermoplastic resin (a) , with the core component 
being thermoplastic resin (a) and the sheath component 
being thermoplastic resin (b) , and nonwoven fabric 
thereof. 
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[<a^» 11 Biod gr.dabl. come .it. tib«. which »r. 
^.curi,- in th« th.y .» « W ..it fib« of th. 
p.r.11.1 typ. or th. *«th-cor. typ. "d. fro. (.) poly- 
la «at. an«/or . th.r»pl«tie r..in of . «ltin, point 
of S «0-C in which polyl«t.t. i. th. -jor cc-pon-.t. 
^ (b , . th-r-op^tic r..in «hi=h h« a point 
o£ , S0 .C. th. -Iting POi-t b.i». .30-C l«r than th. 
„id th.r~pl«tic r..in .(.). with «- — eMpOMnt 
h.i* 9 th«~pl..ti= r..in (.. and th. -h.ath covenant 
b .ins th.rMpla.tie r..in ») . 

tClai- U Biod.or.dabl. «- p0 ' 1 " """^ 
„ CUi- 1 in which th. *«— «K"« th.r~pla.tio 
Ilb .r. ,b> ar. a—*-** t ib«. in which pclylactat. 

is a najor coapon«nt. 

[CXal « 31 Biodegradable noa-ov~ fabric i* ^ch 

J fiber, of Claia 1 or Claim 2 are 

biodegradable composite w« 

used. 

[Bxplaamtioa of thm invention] 

[0001] 

[F1 . l4 of indu.tri.1 application! Th. p».«t 

^ion r.l.t« » -~ 
^ a. biod^adabl. — - 

adh..iv. - « non~~n ^ric. -in, 

them. 

[0002] 

tPrl or«tl ***** " * 0ly " t "" 

pol y l.f in. and poly-id... - . — >~ — " PI1 " 
poly lerm agricultural, 

fiber. -plo»- " i**"** 1 * 1 fib * r ' 
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_civil engineering and fishing uses, sanitary materials 
such as sanitary towels and diapers, etc, and dom stic 
materials such as hand towels and wiping cloths, etc* 
These fibers produce problems if they are left in the 
natural environment after being used because they are not 
readily degraded. Therefore, these industrial materials, 
sanitary materials and domestic materials, etc., need to 
be buried or incinerated. However, burial limits the uses 
of the ground used because they are not readily biode- 
gradable. The use of materials which are degraded natu- 
rally could be considered as a way of solving such 
problems. 

[0003] Known biodegradable polymers include poly- 
saccharides such as cellulose, cellulose derivatives, 
chi tin and chitosan, etc., proteins and aliphatic poly- 
esters such as poly (3 -hydroxybutyrate) and copolymers of 
3 -hydroxybutyrate and 3 -hydroxy [barirate] , polyglycolide, 
polylactide and polycaprolactone, etc. 

[0004] The cotton and regenerated cellulose cellu- 
losic fibers mainly employed are cheap, but binders are 
needed because they are not thermoplastic, and if poly- 
olefin fibers or polyester fibers, etc., are used as 
binder fibers these fibers become a problem because they 
are not readily degraded. 

[0005] Poly (3 -hydroxybutyrate) and 3 -hydroxybutyra- 
te/ 3 -hydroxy [barirate] copolymers have the problem that 
their high price limits their us . 

[0006] Polycaprolacton is a comparatively cheap 
biodegradabl polymer, but has the problem that when 
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.^fcing uonwoven fabric by wet m thod. the drying tempera- 
te cannot be raised because tbe melting point is only 
ca. 60-C. Moreover, there are problem, a. far a. heat- 
resistance is concerned, .inc. 60-C i. a temperature that 
could occur during summer at the attribution stage. 

[0007] Materials mad. by mixing starch with poly- 
ethylene have been investigated a. cheap materials, but 
^ey are not satisfactory a. far a. biodegradability is 
concerned, and cannot give fiber, with uniform mechanical 

properties . 

[0008] 

tProbi- *• *• " *° 

a prior art U»r. ar. no tb««pl..ti= biod^adabl. 
£lb .r. wbicb ar. ec.par.tiv.iy =b»P but bar. a practical 
i.v.1 of b«t-r..i.tanc. and can b. rapidly «d c-pl.t.- 
ly d*r«Ud by -icroorcani-.. and it «nnot ^ P— >" 
cUy u..*»l biod«xadabl. »on~«a *» 
mention i. a to tbi. .ituatlon. «- =«•« 

tf^la-tic biod^bl. co^.i» «ib.r. -bleb ar 

co ^r.tiv.ly cb.ap. and — — • >»°«°" 

-trenoth and are completely degrad d 
heat resistance and atrengw. « 

by microorgani*"*. 

[0009] , 
^ fo, «- probl-l « «b«. °< 

eo ncrt.d r..~» on tb«-pla.tic * cc^o- 

it . t ib.r. -bi=b .r. c««.tiv.iy cb..p. and .1.. b.™ 
. practical o« b«t r..i.t-c. and .tr-notb an, ar 

COBP l t ly d^ad.d * — — • *- PI 
Z»t . ba. — r.d tbat tb. probl- — i. 
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by making polylactate and/or thermoplastic fibers con- 
sisting primarily of polylactate int cor -and-sheath 
type or parallel type composite fibers. Thus, the present 
invention relates to biodegradable composite fibers which 
are characterised in that they are composite fibers of 
the parallel type or the sheath -core type made from (a) 
polylactate and/or a thermoplastic resin of a melting 
point of al20°C in which polylactate is the major 
component and (b) a thermoplastic resin which has a 
melting point of t90°C, the melting point being s30°C 
lower than the said thermoplastic resin (a), with the 
core component being thermoplastic resin (a) and the 
sheath component being thermoplastic resin (b) , and 
nonwoven fabrics using these* 

[0010] The present invention is explained in detail 
below. The viscosity average molecular weight of the 
polylactate and/ or thermoplastic resin in which polylact- 
ate is the major component is s5000, and is preferably 
10* to 10*. Fibers with adequate strength cannot be 
obtained when it is less than 5000, and more than 10* is 
undesirable because spinning viscosity becomes high and 
it is difficult to make filaments. 

[0011] Polylactate can be obtained by a method such 
as condensation of lactic acid with the elimination of 
water, or ring-opening polymerization of a cyclic lactate 
ester. As thermoplastic fibers in which polylactate is 
the major component, cop lymers of lactic acid with one 
r two or more cyclic lactones such as « -capro lac tone, 
etc., a -hydroxy acids such as or -bydr oxybutyria acid, a- 
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bydr«yi«*»ty.i« acid and -hydr iqrv.l.ric acid. .tc. , 
glycol. .»<* a- .tbyl— «lyool and 1,4-butan.dicl. etc.. 
dicarboxylic acid, .uch a. acinic acid and .abacic 
acid, and/or aliphatic carboxylic acid, .uch a. lauric 
acid and .««ic acid. .tc. can b. u»d. By copoly-r- 
ixation it i. po..ibl. » r^ulat. th. r-ltin, point. 

[00121 Biod.a»da»l. 0<»po.it. flb«. «£ th 
pr..«t in«nti« ar. co^o.it. fib." of th. p.r.11.1 
typ. or th. ^.ath-cor. typ. »d. fro. (a) polylactat. 
.nd/or a th.»opl..ti« r..in of a siting point of .120'C 
in «hich polylactat. i. th. »»ior «-pon«t and (b) a 
tb.^opla.tic r..in -hich ha. a malting point of .90-C. 
th. -Itin, Point bin, .30-C lo«r tha. th. ..id th.»o- 
P l..tic r..i» UK -ith th. cor. =o-po~nt b.ing th.™- 
pla.tic r..i» (a) ~« th. .hoath cc-pon-t b.ing th.»o- 
pl..tic r..in (.)'. In or«« to «i«.in .t«ngth aft.r 
bot adh..ion «h» -hin, nonw«n fabric fro. th. co«o.- 
It. fib~ th. Mltta. Point of th««pl..tio fib.r. (a. 
„«U to b. .30-c high.r than th. -Iting P=i« of 
tb.r~pla.tio r..in CM. *-» d«r.. of h.at r..i.tanc. 
t . .1.. »M proc...ing th. nonwov.. fabric, 

ordinarily a drying P«o... i- — — "« 
cri..-cro..ing. and in thi. ca.. drying .ffioi~=T i- 
^ uul... th. drying t-P-ratur. i. of th. ord.r of 
X...C. in addition. — on. con.id.r. th. h«t-.tability 
o£ th. product during di.tributlon th«. i. th. chanc. 
^t during it b. .tor* at th. ord.r of ..-C 

* ivi n.«d* t have a melting- point of 
Thermoplastic r -in (b) needa 

-ifto-e If th malting point t 
b90 «C, and pr ferably *100 C. is « 
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^thermoplastic resin (b) is less than 90°C the resulting 
noawoven fabric will not be heat- stable. Th re are no 
specific restrictions as to thermoplastic resin (b) other 
than the fact that it is a biodegradable resin, and 
aliphatic polyesters such as polyesters from dicarboxylic 
acids and diols, and polygrlycolate, etc., and/or co- 
polymers in which these are a major component f can be 
used. 

[0013] Composite fibers of the present invention 
can be made by melt spinning and drawing using ordinary 
methods. The temperature of melt spinning will differ 
depending on the composition and molecular weight of th 
composite fibers, but 140-230*C is preferred. The yarn 
from melt spinning can be water-cooled or air-cooled, and 
then hot drawn or cold drawn in 1 stage or 2 or more 
stages without previously winding or after temporary 
winding. The draw rate neede to be at least 1.5 times in 
order to give a tensile strength of a2.0 g/d. In th 
composite fibers of the present invention the core/sheath 
ratio in the composite or parallel composite ratio is 
10/90 to 90/10, and preferably 30/70 to 70/30. Th 
biodegradable composite fibers of the present invention 
can be long fibers or short fibers, with the appropriate 
choice depending on the purpose for which they are to be 
employed. 

[0014] Biodegradable composite fibers of the 
present invention can be mechanically crimped bef re 
cutting. The hot squeezing gear method r stuffer box 
method can be employed f r mechanical crimping. Th re are 
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no r strictions as to the crimping method, and a known 
a thod can be used. Separation and dispersion of the 
fibers when forming, a web can be improved by carding. The 
number of crimps can be 5-50/25 mm, and is preferably 
10-30/mm, and the cut length 10-80 mm, and preferably 
20-60 mm. In this case uniform separation of fibers is 
not obtained if the crimp number exceeds 5/25 mm [sic] . 
The crimping rate can be «5%, and is preferably s8%. A 
crimping rate of less than 5% is undesirable because 
carding produces dense and sparse patehes and does not 
give a uniform web. 

[0015] Similarly, short biodegradable composite 
fiber* used in making nonwoven fabric by Wet matting have 
a fineness of 0.5-5.0 d, and preferably 1.0-3.0 d, and a 
cut length of 1-25 mm, end preferably 3-15 mm. Matting is 
difficult when the fibre is finer than 0.5 d and the cut 
length is smaller than 1 mm. and a fineness of more than 
S d and cut length longer than 25 mm are undesirabl 
because it becomes difficult to obtain a uniform non- 
woven fabric by matting. 

[0016] in the light of the ease with which the 
fiber, pas. through the card, preventing static electric- 
ity, convergence properties and dispersion during mat- 
ting, on. or more anionic surfactant, such a. potassium 
lauryl pho.ph.te, etc.. cationic .urfactant. such as 
tsrtiary ammonium salts, non-ionic surfactant, such as 
ethylene oxide addition compound, of higher fatty acids 
and aliphatic higher alcohols, etc . . polyalkylen glycols 
such a. p ly thylen. glycol and polyethylene glyc 1/- 
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.polypropylene glycol block copolymers, etc., dimethyl 
polysiloxana and silicone oils such a. polyether -modified 

.silicon, oil and higher- alkoxy-modified silicone, etc., 
can be addad. 

[0017] Nonwoven fabric using biodegradable compos- 
ite fiber, of the present invention can al.o be made by 
needle punching or three -dimensional criss-crossing by 
mean, of high-speed fluid jets, etc. By carrying out 
three-dimensional criss-crossing the strength and wear- 
resistance of the nonwoven fabric can be raised. 

C0018] The strength and wear- resistance of nonwoven 
fabric using biodegradable composite fibers of the 
present invention can be further raised by hot press 
bonding by means of heated embossing rollers. There are 
no particular restrictions as to the bonding method, and 
a known method can be used. The hot-press bonded surface 
area is 5-50%, and preferably 8-30%. The nonwoven fabric 
cannot be given adequate strength and wear-resistance 
when the hot-press bonded area is less than 5%, and when 
it is greater than 50% the feel becomes hard and the 
fabric is unsuitable for end uses such as diapers, 
sanitary towels and wiping cloths, etc. 

[0019] Within the present invention one or two or 
more polymers such as other aliphatic polyesters such as 
polycaprolactone, etc., and poly (vinyl alcohol), poly- 
alkylene glycols, etc., organic substances such as talc, 
calcium carbonate, calcium sulfate and calcium chloride, 
etc., starch, proteins, food additives and antioxidants 
can be mixed with the biodegradable comp site fibers in 
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.order to change mechanical properti a and characteristics 
of biodegradability, etc. 
[0020] 

[Embodiments] The present invention is explained 
below by citing embodiments . Tensile strength in the 
embodiments was determined according to JZS L1015. Crimp 
number and degree of crimp were determined according to 
JIS L1015. Melting point was determined by DSC or hot- 
plate melting point determination apparatus. Contraction 
on hot-air drying was found by Equation 1 on the basis of 
determinations at 3 points along both the length and 3 
points along the width after drying on samples measuring 
20 cm long and 20 cm across before drying. Biodegradabil- 
ity was evaluated by burying the resulting fibers in the 
soil, removing the fibers 3 months later and assessing 
the degree of decomposition visually. Biodegradability 
was taken to be satisfactory when the shape was lost. 
Peel was assessed by 3 stages - good, ordinary, poor. 

[0021] 

[Equation. 1] 

Y a t(Al ♦ A2 ♦ A3 ♦ Bl ♦ B2 ♦ B3)/(6 x 20)] x 100 
[0022] Where Y : dry heat contraction; Al, A2 and 
A3 : length after drying; Bl, B2 and B3 : width after 
drying. 

[0023] ffnfrlrtl"*"*' * 

A sheath component of polylactate of viscosity 
averag molecular weight ca. 80,000 and a sheath compo- 
nent f lactic acid/€-capr lactase copolymer (molar ratio 
lactic acid/€-caprolactane - 95/5) of vise sity average 
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^molecular weight ca. 50,000 war hot-malt spun at a 
spinning temperature of 185 °C and a spinning speed of 800 
m/min from a spinneret having 32 nozzles 0.3 m in 
diameter, to give a core/sheath ratio of 50/50 in the 
composite. After teaporarily taking up the undrawn 
filaments they were drawn 2.5 times at 80 °C to obtain 
fibers of a unit filament thickness of 1.8 d. The drawn 
1.8-d fibers were led to a squeezing gear type crimper 
warmed to 70 °C and crimped, then oiled, and cut to 51 mm 
to obtain short fibers for carding. The short fibers were 
formed by a random webber into a web of weight per unit 
area of 50 g/m 2 , treated by wet criss-crossing, and dried 
at 100 °C to obtain a nonwoven fabric (Embodiment 1) . The 
properties of this are shown in Table 1. 

[0024] Ompirlffrn ffriiipli 1 

A lactic acid/ t-caprolac tone copolymer (molar ratio 
lactic acid/ t-caprolac tone ■ 95/5) poly lactate of viscos- 
ity average molecular weight 60,000 was hot-melt spun at 
a spinning temperature of 140 °C and a spinning speed of 
800 m/min from a spinneret having 32 nozzles 0.3 mm in 
diameter. After teaporarily taking up the undrawn fila- 
ments they were drawn 2.2 times at 70 °C to obtain fibers 
of a unit filament thickness of 2.0 d. The drawn 2.0-d 
fibers were led to a squeezing gear type crimper warmed 
to 70 °C and crimped, then oiled, and cut to 51 mm to 
obtain short fibers for carding. The short fibers were 
f rm d by a random webber into a web of weight per unit 
ar a of 50 g/m 2 , treated by wet criss-cr ssing, and dried 
at 100 °C to obtain a nonwoven fabric (Comparison Example 
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-1) . Th pr parties of this are shown in Table 1. 

[0025] gnnpar fgon Example 3 

A sheath component of lactic acid/ e-caprolac tan 
copolymer (molar ratio lactic acid/ c-caprolac tone - 95/5) 
polylactate of viscosity average molecular weight 60,000 
and a core [sic] component of lactic acid/«-caprolactane 
copolymer (molar ratio lactic acid/c-caprolactone . 
95/20) polylactate of viscosity average molecular weight 
50,000 were hot-melt spun at a spinning temperature of 
140°C and a spinning speed of 600 m/min from a spinneret 
having 32 nozzles 0.3 mm in diameter. After temporarily 
talcing up the undrawn filaments they were drawn 3.2 times 
at 60 °C to obtain fibers of a unit filament thickness of 
2.2 d. The drawn 2.2-d fibers were led to a squeezing 
gear type crimper warmed to 60 *C and crimped, then oiled, 
and cut to 51 mm to obtain short fibers for carding. The 
short fibers were formed by a random webber into a web of 
weight per unit area of 50 g/m 2 , treated by wet criss- 
crossing/and dried at 100*C to obtain a nonwoven fabric 
(Comparison Example 2) . The properties of this are shown 
in Table 1. 

[0026] ^ffr ^TlTlT 1 

A core component of polypropylene (MX ■ 60, 230*C, 
2.13 kg) and sheath component of polyethylene (MX ■ 60, 
160 "C, 2.13 kg) were hot-melt spun at a spinning tempera- 
ture of 180*C and a spinning speed of 600 m/min from a 
spinn ret having 32 n zzles 0.3 am in diameter. After 
temporarily taking up the undrawn filaments they were 
drawn 3.6 times at 60°C to obtain fibers of a unit 
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filament thickneas of 2.6 d* The drawn 2.6-d fib rs vera 
led t a squ ezing gear type crimper wanned t 60 °C and 
crisped, then oiled, and cut to 51 ma to obtain short 
fibers for carding. The short fibers were formed by a 
random webber into a web of weight per unit area of 50 
g/m 2 , treated by wet cries -crossing, and dried at 100 °C 
to obtain a nonwoven fabric (Comparison Example 2 [sic] ) • 
The properties of this are shown in Table 1. 

[0027] The values for physical properties, heat 
contraction and results of evaluation of biodegradability 
obtained in Embodiment 1 and Comparison Examples 1, 2 and 
3 [sic] are shown in Table 1. 

[0028] 



[Table 1] 





Kntodiaent 

1 


Coopariaon 

1 


Comparison 

2 


Prior 
1 


Strength <g/d) 


3.5 


2.2 


2.0 


3.2 


Malting 


Core 


179. S 
(DSC) 


131.2 
(DSC) 


130.8. 
(DSC) 


168.2 
(DSC) 


point 

CO 


Shaath ^ 


130.8 
(DSC) 




83.5 (hot 
plate) 


134.5 
(DSC) 


Criap auaiber 
(/25 am) 


IS. 2 


16.6 


17,0 


17.8 


Crisp rata (%) 


12. a 


10.5 


11.6 


12.6 


Fiber length (am) 


51 


51 


51 


51 


Beat contraction 
(%) 


3.6 


38.5 


37.5 


5.2 


Biodegradability 


good 


good 


good 


poor 


Feel 


good 


poor 


poor 


good 



[0029] Proa Table 1 it is evident that the biode- 
gradable composite fibers £ th present invention have 
excellent biod gradability and 9 od physical prop rties 
and are also outstandingly h at-resistant. 
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[0030] 

[Benefits of the Invention] Biodegradabl composite 
fibers of the present inventi n have excellent biodegrad- 
abl lity and good mechanical properties, and have good 
heat -resistance and hot-melt adhesion. In addition, 
nonwoven fabric using biodegradable fiber of the present 
invention is suitable for disposable diapers, sanitary 
napkins and household items like wiping cloths, etc., and 
for agricultural materials, civil engineering materials 
and clot hin g materials, and is completely biodegradable 
in the natural environment. 
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In translating the above text we have noted the following apparent errors/unclear 
passages which we have corrected or amended: 



Page/para/line* 



Claim No. 
[0003] 

[0009] 
[0023] 



page 7 



Comment 




The Japanese reads 3 -hydroxy "barireto (misprint 
perhaps for 3 -hydroxyvalerate - "barereto") . 

Misprint in the original - "sWlbunkaisei" = 
"mainly degradable ?" instead of "seibunkaisei" 
= "biodegradable". 

Within the embodiments "kapurorakuton" » 
"caprolactone" and "kapurorakutan" seem to be 
used interchangeably apparently for 
caprolactone. The latter has been "translated" 
"caprolactane" to reflect the difference in 
spelling in the original. Caprolactam would 
usually be transliterated "kapurorakutamu" in 
Japanese. 

Please note that the figures "3" and "8" were 
hard to differentiate. Please double-check. 



• This identification refer* to the source text Please note that the first paragraph a take* to be. where relevant the end portion 
of a paragraph starting on the preceding pag . Where th paragraph is stated, tha line number relates to the parbcular 
paragraph. Wh re n paragraph is stated, the line number refers to the page margn line number. 
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